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More than 500 plants, including all species and varieties of Haworthia, Astr%ba, Poellnitzia, Chorto/irion, and 
23 species of A/oe, were cultured in vitro . Most of them produced calli and indirect adventitious shoots. Callus 
character changed in successive subcultures, and four common stages of callus development were recognized. 
Generally, callus characteristics were noted in the early stages of culture, and these corresponded closely with 
the taxonomic affinity of the species. In general , calli of the subgenus Haworthia were soft and white, grew easily 
and produced numerous shoots. Plants of the subgenus Hexangu/ares were difficult to culture in vitro, and their 
calli were brownish in colour. Calli of the subgenus Robustipeduncu/ares, genera Astr%ba and Poellnitzia re-
sembled each other, and were very ciliate and difficult to subculture. Callus of Chorto/irion resembled that of 
the subgenus Haworthia. A/oe produced bright yellow calli with many thick roots, these results differing greatly 
from all other taxa investigated. In the light of callus features, Haworthia species were classified into 20 species 
groups and eight sections under three subgenera. It was suggested that Astr%ba may be a species group of 
Haworthia, and Chorto/irion may be a 'pseudo-bulb' A/oe such as A. kniphofioides. Callus characteristics, therefore, 
appear to be of value in the classification of Haworthia and allied genera. 
Meer as 500 plante, insluitend al die spesies en varieteite van Haworthia, Astr%ba, Poellnitzia, Chorto/irion en 
23 A/oe-spesies, is in vitro gekweek. Die meeste van hulle het kallusse en indirekte adventiewe stingels ontwikkel. 
Die kalluskenmerke het in opvolgende subkulture verander en vier algemene stadiums van kallusontwikkeling 
is onderskei. Oor die algemeen word kalluskenmerke in die vroee stadiums van kulture waargeneem en dit stem 
nou ooreen met die taksonomiese verwantskappe van die verskillende spesies. Oor die algemeen is kallusse van 
die subgenus Haworthia sag en wit, groei maklik en produseer 'n menigte van stingels. Plante van die subgenus 
Hexangu/ares was moeilik om in vitro te kweek en hul kallusse was bruin van kleur. Kallusse van die subgenus 
Robustipeduncu/ares en die genusse Astr%ba en Poellnitzia stem baie ooreen, is baie gesilieerd en moeilik om 
in subkulture te verdeel. Die kallus van Chorto/irion stem ooreen met die van die subgenus Haworthia. Die kallusse 
van A/oe is geel van kleur met baie dik wortels en verskil heelwat van die ander ondersoekte taksons. In die lig 
van kalluskenmerke kan Haworthia in 20 spesiegroepe behorende tot agt seksies en drie subgenusse geklassifiseer 
word. Astr%ba kan moontlik 'n spesiegroep van Haworthia wees en Chortolirion mag 'n 'pseudo-bol'-aalwyn, 
soos A/oe kniphofioides wees. Kalluskenmerke blyk waardevol te wees in die klassifikasie van Haworthia en verwante 
genusse. 
Keywords: Aloineae, callus characteristics, classification, Haworthia, tissue culture 
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Introduction 
There is considerable doubt in the classification of the Aloi-
neae (Liliaceae), especially the genus Haworthia, which is one 
of the major genera of the Aloineae. Hitherto, over 400 
different names have appeared in publication, many of which 
are incorrect. Bayer (1976) tried to arrange these names on 
the basis of field populations and rejected many hybrids and 
synonyms. While this was a clear improvement in the Ha-
worthia classification system, he did not solve the relationships 
between species groups. The revision of sections in this genus 
by Pilbeam (1983) is the most recent attempt to solve this 
problem, although this work remains rather superficial at 
present. 
varieties of Haworthia and its relatives, and run comparisons 
on the types of calli formed. In this paper, the results of 
cultivation in vitro and the classification of the genus Ha-
worthia and allied genera are reported utilizing callus charac-
teristics. 
Astroloba, Poellnitzia and Chortolirion are small genera 
closely related to the genus Haworthia, and their separation 
from Haworthia is the subject of great controversy (parr 1971; 
Obermeyer 1973; Bayer 1976, 1982). Discussion of this 
problem, however, will require a more rational or technical 
foundation. 
Investigation of the tissue culture of Haworthia was initiated 
in 1968 by Majumdar and Sabharwal. Since their work, many 
investigators have reported on the tissue culture of various 
species and varieties of this genus (Table 1). These studies 
indicate that some Haworthia species are easy to culture in 
vitro, while others are difficult to culture under the same 
conditions. This phenomenon is quite common in tissue 
culture, and it can provide useful information for the plant 
taxonomist. 
Since 1973, the author has cultured many species and 
Materials and Methods 
The system of classification adopted here is as presented in 
Bayer's The New Haworthia Handbook (1982). This is the 
most systematic and rational system for the genus Haworthia 
at present. Chortolirion and Poellnitzia are regarded as 
monotypic genera, and Astroloba as an independent genus, 
as revised by Reinecke (1968). 
Species names and numbers of plant materials used are 
recorded in Table 2. In this table, the Haworthia plants are 
categorized into 20 species groups in accordance with the 
results obtained in this study. All species of the genus 
Haworthia (69 species including H. smitii and 47 subspecies, 
varieties and forms), Astralaba (7 species and 2 subspecies), 
Chortolirion (1 species), Poellnitzia (1 species) and 23 species 
of Aloe (mainly grasslike forms) were cultured in vitro. In 
total 528 plants (clones) were investigated. Table 3 expresses 
short comments on some of the plants listed in Table 2. 
About one third of the plant material was donated by the 
National Botanic Gardens (Kirstenbosch), the Karoo National 
Botanic Garden, the Botanical Research Institute (Pretoria) 
and the University of Stellenbosch. All other material was 
collected in the field by the author. The plants used in this 
experiment were grown in the greenhouse of the Research 
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Table 1 Previous reports on the tissue culture of Haworthia and its relatives 
Species 
H. arachnoidea 
H. cymbiformis 
H. bolusii v. blackbeardiana 
x H. cymbiformis 
H. cooperi 
H. chloracantha 
H. variegata 
H. angustifolia 
H. maughanii 
H. truncata x H. arachnoidea 
(H. truncata x H. setata) 
H. retusa 
v. acuminata 
H. turgida 
H . magnifica v. atrofusca 
(H. atrofusca) 
H. x ryderiana? (H. sp. nov. 
section Retusae) 
H. coarctata (H. sp. aff. baccata) 
H. attenuata? 
H. attenuata x H. radula 
H. fasciata f. browniana 
Astroloba aspera 
Aloe pretoriensis 
Reporter (Reported species names) 
Yamabe & Yamada 1973 (H. setata) 
Saito et al. 1975 (H. setata) 
Yamabe & Yamada 1973 (H. aristata) 
Saito et al. 1975 (H. aristata) 
Wessels et al. 1976 (H. planifolia) 
Groenewald et al. 1979 (H. planifolia) 
Yamabe & Yamada 1973 
Yamabe & Yamada 1973 (H. obtusa) 
Kaul & Sabharwal 1970, 1972 
Majumdar 1970b 
Kaul & Sabharwal 1970, 1972 
Majumdar 1970b, c 
Majumdar & Lane 1970 
Majumdar & Newton 1972 
Majumdar & Schlosser 1972 
Majumdar et al. 1974 
Majumdar & Sullender 1977 
Kaul & Sabharwal 1970, 1972 
Kaul & Sabharwal 1970, 1972 
Kaul & Sabharwal 1970, 1972 
Majumdar 1970b 
Kaul & Sabharwal 1970, 1972 
Yam abe & Yamada 1973 
Yamabe & Yamada 1973 (H. rufida) 
Kau1 & Sabharwa1 1970, 1972 
Majumdar 1970a, b (f. pallidifolia) 
Kaul & Sabharwal 1970, 1972 
Kaul & Sabharwal 1970, 1972, 1975 
Majumdar 1970c 
Kaul & Sabharwal 1970, 1972 
Majumdar 1970c (H. fasciata) 
Yamabe & Yamada 1973 
Yamabe & Yamada 1973 
Majumdar 1970c 
Groenewald et al. 1975, 1979 
+ , ++, ++ + increasing ease of culture 
Callus Shoot 
+++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
+ + 
++ +? 
+? ++ 
+? ? 
+++ +++ 
++ ++ 
+++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
? ? 
+ + 
++ ++ 
+? + 
? ? 
+ + 
+++ +++ 
+++ +++ 
+++ +++ 
? ? 
+++ +++ 
-? - ? 
? ? 
? ? 
- ? -? 
++ ++ 
Table 2 Callus characteristics of Haworthia, Astr%ba, Poellnitzia, Chortolirion and A/oe species 
Callusing Callus characters Organ production 
Species name Part Rate Ease Type Color Growth Greening Shoot Root 
Subgenus Haworthia 
H. arachnoidea F,L 3/ 3 ++ + S W +++ + +++ + 
'setata' * F,L 5/ 5 ++ CI S LB/ W - 1+ + + + 
H . aranea L 3/4 + + CIS LB/ W - 1+ + + 
H. translucens L 4/ 4 ++ + S W ++ ++ + ++ 
ssp. tenera L 5/ 5 ++ + S LB ++ ++ ++ + 
H. xiphiophylla L 3/ 3 + ++ S YW ++ + + + 
H. bolusii F,L 212 +++ S W +++ ++ +++ 
v. blackbeardiana F,L 5/ 5 + + + S W +++ + + +++ 
' vittata' F,L 2/ 2 +++ S W +++ + +++ 
H. coo peri F,L 5/6 ++ S W ++ + + 
'obtusa' F,L 8/ 8 ++ S W ++ + ++ + 
'pilifera' F,L 5/ 5 ++ S W ++ ++ ++ 
'stayneri' F,L 5/ 5 + S LB ++ + + + 
v. leightonii F,L 212 ++ S LB + + + ++ 
H. semiviva F,L 3/ 3 + + + S W +++ ++ +++ 
H. cymbiformis F,L 6/ 6 +++ S W ++ + ++ 
f. ramosa L II I ++ S W ++ + ++ 
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Table 2 Continued 
Species name 
v. incurvula 
v. transiens 
v. umbraticola 
H. habdomadis 
'mucronata' * 
v. inconj7uens 
v. morrisiae 
H. decipiens 
H. lockwoodii 
H. rycroftiana 
H. unicolor 
v. helmiae 
v. venteri 
H. marumiana 
H. archeri 
v. dimorpha 
H. batesiana 
H. nortieri 
v. globosiflora 
H. pubescens 
H. chloracantha 
v. denticulifera 
v. subglauca 
H. j70ribunda 
H. parksiana 
H. variegata 
H. angustifolia 
f. baylissii 
H. divergens 
H. pulchella 
H. zantneriana 
H. blackburniae 
H. graminifolia 
H. wittebergensis 
H. truncata 
H. maughanii 
H. herbacea 
H. maculata 
H. reticulata 
v. herlingii 
H. retusa 
, longebracteata' 
, multilineata' 
, solitaria' 
v. acuminata 
v. dekenahii 
H. comptoniana 
H. emelyae (picta)* 
H. turgida 
'pallidifolia' 
'cuspidata' 
H. magnifica 
'asperula' * 
v. atrofusca 
v. major 
v. paradoxa 
v. maraisii 
v. meiringii 
v. notabilis 
H. mirabilis 
Part 
L 
F,L 
L 
L 
F,L 
F,L 
L 
F,L 
L 
L 
L 
L 
F,L 
F,L 
L 
L 
L 
F,L 
F,L 
L 
F,L 
F,L 
L 
L 
L 
L 
F,L 
L 
F,L 
L 
F,L 
F,L 
L 
L 
F,L 
F,L 
L 
L 
F,L 
L 
F,L 
F,L 
F,L 
F,L 
F,L 
L 
F,L 
F,L 
L 
F,L 
F,L 
F,L 
F,L 
L 
F,L 
L 
F,L 
L 
L 
F,L 
Callusing 
Rate 
2/2 
4/4 
111 
212 
4/5 
2/3 
4/4 
3/4 
212 
212 
212 
212 
4/4 
5/6 
212 
3/4 
3/3 
212 
3/3 
5/ 6 
2/3 
212 
212 
3/3 
3/3 
3/3 
4/5 
111 
212 
212 
212 
3/4 
212 
112 
10/10 
5/10 
4/4 
5/5 
5/5 
111 
9/11 
2/4 
5/6 
5/5 
3/4 
3/3 
8/9 
3/11 
4/5 
212 
4/4 
4/4 
5/6 
3/3 
6/7 
4/4 
4/4 
3/3 
212 
4/4 
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Type 
S 
S 
S 
S 
C/S 
C/S 
C/S 
C,S 
S 
C/S 
C/S 
S 
S 
C,S 
S 
S 
C 
C/S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
M,S 
C,S 
C,S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
Callus characters 
Color 
W 
W 
W 
LB 
LB 
LB 
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YW 
YW 
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YW 
YW 
W,B 
W 
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Table 2 Continued 
Species name 
, beukmanii' 
ssp. badia 
ssp. mundula 
H. emelyae (Sandkraal)* 
v. multifolia 
H. heidelbergensis 
H. serrata 
H. mutica 
H. emelyae (correcta)* 
H. pygmaea 
H. springbokvlakensis 
Subgenus Hexangulares 
H. coarctata 
'baccata' 
v. greenii 
v. tenuis 
ssp. adelaidensis 
H. Jasciata 
f. browniana 
H. glauca 
v. herrei 
f. armstrongii 
H. reinwardtii 
f. chalmnensis 
f. kaJJirdriftensis 
f. olivacea 
f. zebrina 
v. brevicula 
H. attenuata 
f. britteniae 
f. caespitosa* 
f. clariperla* 
H. glabrata 
H. longiana 
H. radula 
H. scabra 
v. morrisiae 
H. smitii 
H. sordida 
H. starkiana 
v. lateganiae 
H. viscosa 
H. limifolia 
v. gigantea 
v. ubomboensis 
'keithii' 
H. koelmaniorum 
H. venosa 
ssp. granulata 
ssp. tessellata 
H. nigra 
H. woolleyii 
H. bruynsii 
Subgenus Robustipeduncu/ares 
H. pumila 
H. kingiana 
H. marginata 
H. minima 
H. poellnitziana 
Part 
L 
L 
F,L 
L 
L 
F,L 
L 
F,L 
F,L 
F,L 
F,L 
F,L 
F 
L 
L 
L 
F 
L 
L 
F,L 
L 
F,L 
F,L 
L 
L 
L 
F 
F,L 
L 
F,L 
L 
L 
F,L 
L 
L 
L 
L 
F,L 
F,L 
L 
F 
F,L 
L 
L 
L 
L 
F,L 
L 
F,L 
F,L 
L 
L 
F,L 
L 
F,L 
L 
L 
Callusing 
Rate 
5/5 
112 
2/2 
212 
5/5 
3/3 
3/3 
6/6 
5/6 
11112 
4/4 
112 
111 
111 
III 
111 
112 
111 
111 
115 
111 
2/3 
112 
111 
111 
111 
112 
2/3 
011 
417 
012 
0/2 
2/4 
112 
3/3 
III 
111 
3/3 
4/4 
212 
2/2 
117 
114 
3/3 
212 
112 
2/4 
213 
717 
5/5 
212 
6/6 
2/4 
2/5 
6/10 
2/6 
212 
Ease 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
++ 
++ 
+ 
+ 
+++ 
+++ 
+ 
++ 
+,-
Type 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
H 
H 
C 
C 
H 
C 
H 
C 
HIS 
C 
H 
C 
C 
C 
C 
H 
H 
HIM 
C 
C 
C 
C 
M/C 
M 
C 
C 
CIS 
CIS 
S 
C 
S 
S 
CIS 
CIS 
S 
CIS 
S 
S 
C 
C 
C 
C 
C 
Callus characters 
Color 
RB 
R 
DB 
W,LB 
YW,RW 
LB 
RW 
W,RW 
W 
W 
YW 
Bl 
B 
B 
LB 
B 
LB 
B 
B,Bl 
BIIW 
B 
B 
BW 
W,BI 
B 
BW 
B 
BI 
B/LB 
B 
B 
LB 
LB 
LB/W 
LB 
DB 
LB 
LB 
BIILB 
LB 
LB 
LB 
LB 
B/LB 
YB/LB 
B,LB 
YW,LB 
YB,LB 
YW,B 
B/W 
W,B 
W,B 
W,B 
W,B 
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+ 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
+ 
+ 
+ 
+ 
+ 
++ 
-1+ 
-,+ 
++ 
+ 
+ 
+ 
+++ 
++ 
++ 
++ 
+ 
+,-
+ 
+ 
+ 
++ 
++ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+++ 
+ 
++ 
++ 
Organ production 
Shoot 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-,+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
-,+ 
Root 
+ 
++ 
+ 
+ 
++ 
+ 
+ 
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Table 2 Continued 
Callusing Callus characters Organ production 
Species name Part Rate Ease Type Color Growth Greening Shoot Root 
Genus Astroloba 
Ast. pentagona* L 111 + C W,B + 
Ast. aspera L 111 H BI 
Ast. bullulata F,L 3/4 + C W,B + + 
Ast. foli%sa F,L 112 H B1 
ssp. congesta* L 112 C W,B 
ssp. robusta* L 111 C W,B 
Ast. hallii* F,L 2/3 + C W,B + + 
Ast. herrei L 111 C B 
Ast. spira/is L 111 + C W,LB + + 
Genus Poellnitzia 
P. rubriflora L 4/4 ++ C,M YW,DB + 
Genus Chortolirion 
C. angolense F,L 4/4 ++ C,S YW ++ + ++ ++ 
Genus Aloe 
A. albida L 111 + C,S YW + -,+ 
A. albiflora L 112 + C,S Y + +++ +++ 
A. aristata P Oil 
A. bakeri P 111 H BIIYW + +++ 
A . ballii F,L 111 + C,S Y + + ++ 
A. bellatula L III C YW 
A. bowiea L 112 C W 
A. brevi/olia P Oil 
A . chortolirioides L 111 + S,M YB + +++ 
A. compressa F III ++ N YW ++ + +++ 
A. coo peri L 111 ++ S Y ++ +++ 
A . ecklonis L 111 + C,S Y + + +++ 
A. haworthioides F 0/1 
A. jucunda F III H B1 +++ 
A . kniphofioides L 212 + S YW ++ + ++ 
A. kraussii L 111 + C,S Y + + +++ 
A. parvula P III HIS BIIB ++ +++ 
A. rauhii P 112 HIS BIILB ++ +++ 
A. richardsiae L III + + S B,BI +++ 
A. soutpansbergensis L III S Y,B 
A. thompsoniae L III S Y 
A . vossii L 111 + C,S YW + +++ 
A. woolliana L 112 ++ S DY ++ +++ 
Key 
part: F = floral stalk(s), L = leaf(leaves), P = perianth(s) 
rate: callused done(s)/tested donees) 
type: S = soft, C = ciliate, H = hard, M = medium, N = noduled 
color (basic color): W = white, B = brown, Y = yellow, R = red, BI black, P purple, G grey, L light, D dark 
+, + +, + + + or -, - -, - - -: degree of ease or difficulty 
I = change from left to right according to subculture 
, = and lor 
*: see Table 3 
Institute of Evolutionary Biology, Tokyo. 
From preliminary investigations it was found that a Mura-
shige & Skoog (1962) medium supplemented with 1,0 mg 
dm - 3 I-naphthalene acetic acid (NAA) and 1,0 mg dm - 3 
6-benzylamino-purine (BA) was suitable for the growth of 
callus from most plants investigated. Accordingly, this 
medium was used throughout this study. 
Leaves, floral stalks or perianth material were used as 
explants. After surface sterilization with 300/0 hypochlorite 
(NaCIO) for 15 to 30 min, the leaves were cut into slices 3 
to 5 mm thick, the floral axes into segments 15 to 20 mm 
long, and the perianths into explants each consisting of 3 
tepals. The explants were cultured in the dark at 27°e for 
callus induction. Induced calli were subcultured regularly for 
a period of 6 months in continuous light (1500 lux) at 27°C. 
Results and Discussion 
General observations 
In the majority of the plants cultured, the callus was initiated 
within 2 to 3 weeks after explant inoculation. Some plants, 
however, took 2 to 3 months for callus induction. A callus 
was produced by all species of Haworthia (except H. glabrata), 
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Table :3 Comments on some species names in Ta.ble 2 
r-I~ arachnoidea ~sel'al'a ··; darkcr and robuster f"orn'} of" H. 
arachnoidea in the LadislTl.ith - Oudtshoorn area. gene.·ally called 
F-F. sel'al'a v. gigas in cultivation. 
f-f. hubdo,nadis ~rnucronaLa -": plants called f-f. n7ucronOEO in 
cultivation. 
L /. rnagn(/"ica ~a.<>peru/a· (Figure 1 A): pale and .s~abrous plant in 
the Riversdale area. This plan I. lTlay be .. rue r-I. a.<>peru/o. \N'hich 
closely ("its the original description by Ha\N'orth and "the 
illustration by SallTl.-Oyck (1836). 
Ff. erne/yae (SandkraaJ) (Figure IB): plants Fro.n the Sandkraal 
area~ south of Van VV"yksdorp. VV"hilc Bayer (1976. 1979. 1982) 
applied the name Ff. erne/yoe to the OudLshoorn planLs (F--I. 
piCEO) according to a photograph of a plant (GGS 5437), it is 
not obvious that this plant really calTlc FrOln the salTlc popula-
tion ot" the type plant. The description of r-I. ernelyoe v. 
beukrnonii strongly suggests t .hat 1-f. erne/yae rnay resc(T1ble F--f. 
rnirabi/is. It vvould bc more reasonable thcret"ore, to apply the 
narnc FF. erne/yae Lo thc Sandkraal population. 
Lf. erne/yoe (correcl'o) (Figure Ie): plants rrom the Oudtshoorn 
Uniondale area~ gencrally called rIo correcl'a or FF. 
~uniondo/ensis-". As indieatcd by Scott (1985). it is quite obvious 
that the original photograph or Ff. correCEa in KakEeenkunde 
(F'oellnitz 1937) is of this plant. 
F-F. erne/yae (pieta) (Figure 1 D): plant.s J'roITl Lhe Ladismith -
Oudtshoorn area. generaJly caHed Ff. picta (Scott 1985). 
F-f. atEenuaEa F. coespil'osa; aFter Pi I bcalTl (1983). 
Ff. attenuata F. c/ariperla: arter PilbealTl (1983). non Bayer (1976. 
1982). 
Astr%ba penl'ogona: sec PilbeaTl"J. (1983). 
ASE. aspera: sce PilbeaITl (1983). 
Asl'. fo/i%sa ssp. congesta nO(Tl. nud.: art.er Reinecke (1968). 
ASL. fo/i%so ssp. robusra nom. nud.· aFter Reinecke (1968). 
Ast. ha/tii non""!. nud.· at·ter Reinecke (1968). see PiJbeam (1983). 
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AscrOLoba, ChorLoHrion, .Poeffniczia a.n.d ITlost: species of Aloe. 
Shoot: forlTlatior:l rrOIT1 me callus vvas recognized on all species 
of subgenus .F-fot.Vorrhicz. J2 species of subgenus Ife.xangulares. 
3 species of subgenus RobusTipedunculares. 1 species of 
ChorTolirion and 10 species of' .A1oe. ASTra/aba and Poellnirzicz 
t-ailed to produce any shoot.s vvhatsoever Crable 2). These 
results agree vvell vvith the previous reports on F-Tu-..vorrhia tissue 
cultures. arranged in Table 1 _ VVhilc the results for FL'. Turgida 
!:issue culture in the ta.ble ditTcr significandy frolTl those of 
this study. this rn..ay be due to clonal differences. since I-f. 
£urgida is an ext.rcITlcly variable species. 
The ease of callus induction depended upon the taxon of 
the source plants, '-Vltile explant type influenced the character 
of the initial callus. Generally speaking, callus induction vvas 
easier in noral organs than. in leaf explants. Condition or callus 
dcvclopIYlcnt vvas quite similar in the saITl.e clonal plants and 
even in the species regardless of -r_he explant type. The ~T1ajor 
ctit-ferences in callus character '-Vere observed bet""een dit-t-erent 
species groups_ Those ditTerences ""ere most distinct during 
the early stages ot- culture~ and became gradually more obscure 
vvith the aging of'" the callus_ 
Callus character changes 
Nfost callus character changes vvere gradual .. hovvever so.-ne 
vvere rTlore rapid. These changes vvere irreversible and could 
generally be categorized into rour stages. 
Durin.g stage 1 (Figure 2A..~ D~ G & J)~ the callus grevv slovvIy 
and had a specif·ic colour and f-orm, distinctive of" the species 
group or taxon. Calli 01 some plants vvere very ephemeral 
and ditTicuJt to maintain at this stage. The lengt.h or stage 
Figure 1 Some plants discussed in this study. A: EfalVorthia rnagnij7ca ~a.speru/a' at Riversdale; B: F-f. erne/yae (Sandkraa.l) at Sa.ndkraal; C: 
Ff. erne/yae (correcla) at Uniondale; D: r-I. erne/yae (picla) at lVtoerasrivier, Oudtshoorn. Bar - 1 crn. . 
• 'igure I SOlTle plants discussed in t.his study. A: J-falVorlhia rnagnijico ~asperu/a' at RiversdaJe; B: f-f. erne/yae (SandkraaJ) at Sand kraal; C: 
F-T. erne/yae (correcta) at UniondaJe; 0; F-f. erne/yae (pieta) at 1VI0erasrivier. Oudtshoorrt. Bar = 1 ern . 
• 'igure 1 SOfTIe plants discussed in Lhis study. A: J-falVorthia rnagnijica ~asperu/a-" at Riversdale; B: f-f. erne/yae (SandkraaJ) at Sand kraal; C: 
FF. erne/yae (correcta) at Uniondale; D: FT. erne/yae VJicta) at 1VI0erasrivier, Oudtshoorn. Bar = 1 crn. 
Figure I SOfTIe plants discussed in this study. A; F-:TalVorl'hia magnifica '-asperu/a-" at RiversdaIe; B: Ff. erne/yae (SandkraaJ) at SandkraaI; C: 
F-f. erne/yae (correcla) at Uniondale; 0: F-f. erne/yae (pieta) at 1V1oerasrivier. Oudtshoorn. Bar = 1 CTTl . 
• 'igure I Some plants discussed in t.his study. A: HalVorl'hia rnagnijico '-asperu/a' at RiversdaJe; B: f-f. erne/yoe (SandkraaJ) at SandkraaI; C: 
F-f. erne/yae (eorrecEa) at Uniondale; 0; F-f. erne/yae (pieta) at 1VI0erasrivier. Oudtshoorrt. Har = 1 eTTl. 
Figure 1 SOfTIe plants discussed in t _his study. A: J-falVorLhio rnagn(fica ~a.sperula· at Rivcrsdalc; B: FT. erne/yae (Sandkraal) at Sandkraal; C: 
f-f. erne/yoe (correcla) at UniondaJe; 0; .F--:f. erne/yae (picla) at lV1oerasrivier. Oudtshoorn. Bar = 1 CrTl. 
Figure 1 Some plants discussed in this study. A: EfalVorthia rnagnij7ca ~asperu/a' at Riversdale; B; F-f. e,..,.,e/yae (Sandkraal) at Sandkraal; C: 
.Ff. erne/yae (correcla) at UniondaJe; D: r-I. erne/yae (pic~a) at lV1oerasrivier, Oudtshoorn. Bar = 1 crn.. 
Figure 1 SOlTl.e plants discussed in this study. A: F-folVorthia rnagnijica ~a.speru/a' at Riversdale; B: F-f. erne/yae (Sandkraa.l) at Sandkraal; C: 
.Ff. erne/yae (correc~a) at Uniondale; D: f-f. erne/yae (picla) at lVtoerasrivier, Oudtshoorn. Har = 1 CrTl. 
Figure 1 SOlTl.e plants discussed in "this st:udy. A: F-:TalVorLhio rnagnijica ~a_ .. -peru/a· at Riversdalc; B: FT. erne/yae (Sandkraal) at Sandkraal; C; 
f-f. erne/yoe (correcla) at UniondaJe; 0: Ff. erne/yae (picla) at. 1V1oerasrivier~ Oudtshoorn. Har = 1 CrTl. 
Figure 1 Some plants discussed in this study. A: F-falVorthia rnagnij7ca ~asperu/a' at Riversdale; B; F-f. erne/yae (SandkraaJ) at Sandkraal; C: 
I-f. erne/yae (correcla) at UniondaJe; 0: r-I. erne/yae (picla) at lV1oerasrivier, Oudtshoorn. Bar = 1 cm. 
Figure I Some plants discussed in this study. A: F-IalVorl'hia magnifica ~asperu/a ' at RiversdaJe; B: F-f. erne/yae (SandkraaJ) at SandkraaI; C: 
Ff. erne/yoe (correclo) at Uniondale; D: F-f. ernelyoe (pieta) at lVtoerasrivier. Oudtshoorn. Bar = 1 eTTl. 
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1 vvas variabl e and some calli remained in tills s t age for a 
year or more. Arter several subcultures~ callus grovvth irn-
proved remarkably and the callus colour becaTTle lighter. This 
change '\!Vas orten drastic and clearl y rn.arked the beginning 
of stage 2 (Figure 2B. E. "1-::1 & K). Shoot f"ormation '\N"as seldom 
observed and certain species produced very ciliate call i at thi s 
stage~ especi ally rnernbers of the E-f. pUl'nila and F-T. scabr a 
groups (Figures 2.I-1 & 3D). The callus of sorne plants turn.ed 
a specific colour during stage 2. Sudden vigorous shoot forma-
tion characterized stage 3, vvhich '\N"as stable and lasted a l ong 
tirne (Figure 2C. F. I & L). A callus clone theref"ore, '\N"as 
considered to be established at tills sta.ge. Callus grovvth '\N"as 
also vigorolls at this stage, even in the most difTicult p l ants 
to culture, and callus characteristics began to be obscured. 
Figure 2 Callus character changes (periods arter inoculation ) . .A., B. C: F-F. gran7inifolia (2. 19 and 26 ITlonths); D. E, F: E-f. venosa ssp. 
(8. 15 and 21 fTlonths); G. H, J: F-T. pUn7i/a (12. 1 8 and 24 months); J. K. L: ChOrLOlirion ango/ense (2, 5 a n d 7 lTlonths.). Bar = 1 
Figure 2 Cal lus character changes (periods aTter inocu lation). A,B, C: F-F. grOTTlinifo/ia (2. 19 and 26 months); D . E, F: ff. venosa ssp. 
(8. 15 and 2 1 ITlonths); G, l-i:, 1: Ff. pUn7i/a (12, 1 8 and 24 ITlonths); J. K, L: ChorLo/irion ango/ense (2. 5 and 7 month s.). Bar = 1 
Figure 2 Callus charactcr changes (periods af"tc r inoculation). A, B, C: .f-f. grarninifo/ia (2. 19 and 26 months); D, E. F: Ff. venosa ssp. 
(8, 15 and 21 ITlonths); G, "J--I, I: Ff. pUn7i/a ( 1 2, 18 and 24 n "lonths); J. K, L: ChorLo/irion ango/ense (2, 5 and 7 months.). Bar = I 
Figur e 2 Callus character changes ( periods after inoculat i on)_ A, B, C: E-f. grOTTlinifo/ia (2. 19 and 26 lTlonths); D. E. F: E-f. venosa ssp. 
(8, 15 and 21 fTlonths); G, l-i: • .1: Ff. pUn7i/a (.12. 18 and 24 ITlonths); J, K. L: ChorLo/iriorr ango/ense (2. 5 and 7 months.). Bar = 1 
• Figure 2 Callus character changes (periods aTter inocu lation). A.B, C: F-F. grOTTlinifo/ia (2. 19 and 26 months); D. E, F: ff. venosa ssp. 
(8, 15 and 2 1 ITlonths); G, l-i: • .1: Ff. pUn7i/a (12. 18 and 24 ITlonths); J, K. L: ChorLo/iri on ango/ense (2. 5 and 7 month s.). Bar = I 
Figure 2 Callus character changes (periods after inoculation). A. B . C: F-f. graTrlinifo/ia (2. 19 and 26 lTlonths); D, E. F: F-r. venosa ssp. 
(8, 1 5 and 21 nlont.hs); G, .l--::l, I: FE. pUn7i/a (12, 1S and 24 rnont:hs); J. K. L: ChorLo/irion ango/ense (2, 5 and 7 month s.). Bar = I 
Figure 2 Callus character changes (periods arter inoculation) . .A., B. C: F-f. gran7inifolia (2, 19 and 26 ITlonths); D. E, F: E-f. venosa ssp. 
(8, 15 and 21 rnont:hs); G. H. I: T-F. pUn7i1a (12. 18 and 24 months); J . K. L: ChOrLOlirion ango/ense (2. 5 and 7 ITlonths.). Bar = 1 cn"l . 
• Figure 2 Callus character changes (periods arLer inoculaLion) . .A., B , C: Ff. graTrlinifolia (2, 19 and 26 ITlonths); D. E, F: E-f. venosa ssp. venosa 
(8. 15 and 21 fTlonths); G , H. J: F-r. pUn7i/a (12. 18 and 24 months); J, K, L: ChOrLO/irion ango/ense (2, 5 and 7 months.). Bar = 1 CITL 
Figu re 2 Callus character changes (periods af"te r inoculation). A. B. C: F-f. graTrlinifo/ia (2. 19 and 26 ITionths); D, E. F: F-r. venosa ssp. venosa 
(8. 1 5 and 21 ITlonths); G. H, I: F-F. pUn7i/a (12, IS and 24 rnonths); J. K. L: ChorLo/irion ango/ense (2, 5 and 7 months.). Bar == I CITI. 
Figure 2 Callus character changes (periods arter inoculation) . .A.. B, C: F-f. gra,ninifo/ia (2, 19 and 26 ITlonths); D, E, F: F-r. venosa ssp. 
(8, 15 and 21 lTlonths); G. H. J: F-F. purnila (12. 18 and 24 lTlonths); J . K . L: ChOrLO/irion ango/ense (2. 5 and 7 ITlonths.). Bar = 1 
• Figure 2 Callus charact er changes (periods after inoculation)_ A, B, C: f-f. grOTTlinifo/ia (2. 19 and 26 months); D. E. F: Ff. venosa ssp. 
(8, 15 and 21 lTlonths); G, l-i: • .1: Ff. pUn7i1a (12. 1 8 and 24 ITlonths); J, K. L: ChorLo/irion ango/ense (2. 5 and 7 ITlonths.). Bar = I 
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Vigorous growth and shoot formation decreased gradually 
after stage 3, constituting the beginning of stage 4. The 
separation of this stage from the former was not clear, but 
callus characteristics now became indistinct. 
It is thought that these changes represent a process of cell 
de-differentiation in the callus and most cells may complete 
de-differentiation at stage 3, which results in vigorous shoot 
formation at this stage. In the case of easy-to-grow plants 
(such as tobacco), de-differentiation may be completed soon 
after callus formation, with only stage 4 recognized as 
'habituation' . 
Leaf pigmentation and callus character 
It became clear in some cases that leaf pigmentation strongly 
influenced ease of callusing and colour factors, which are closely 
correlated with callus growth. Generally, callus induction from 
yellowish plants, such as H. habdomadis, H. emelyae (picta), 
H. starkiana and H. kingiana, was very difficult, with the 
calli produced being yellowish in colour and difficult to 
. maintain (Figure 3C). Reddish plants such as H. pubescens, 
H. magnifica v. atrojusca and H. mirabilis ssp. badia also 
produced reddish calli. Bluish plants such as H. bolusii, H. 
coo peri, H. emelyae (correcta) and H. pygmaea produced 
white calli, which grew very well (Figure 3B). 
The correlation between leaf pigmentation and callus 
character is not limited to the plants mentioned above. In the 
subgenus Haworthia, some ,species groups can be characterized 
by leaf pigmentation and basic color of callus. The H. bolusii 
group have bluish, translucent leaves and produced a vigorous 
white callus, while the H. habdomadis subgroup was charac-
terized by yellowish leaves and callus, which did not grow 
well. The H. marumiana group exhibited reddish or brownish 
coloration in the outer leaves, and produced a reddish, 
brownish or yellowish callus. 
In the 'retuse haworthia' groups, the H. retusa group was 
characterized by yellowish pigmentation both in leaf and 
callus, and was very difficult to culture in vitro (Figure 3C). 
Most members of the H. magnifica group have very dark 
green leaves and produced a reddish and/or brownish callus, 
which showed vigorous growth in general. The H. mirabilis 
group was characterized by reddish and/or brownish leaves 
and callus, and was slightly difficult to culture. The H. mutica 
group has bluish, blunt leaves, and produced a whitish callus 
which grew well (Figure 3B). 
No special pigmentation of species groups was recognized 
in the other two subgenera. 
Element series and local complex 
For classification of species into species groups, it was very 
important to discriminate between the concepts of the element 
series and local complex. The element series is the series of 
species which shares certain characteristics or elements, while 
the local complex is the species complex which shares a certain 
distribution area. While the closeness of the distribution range 
is considered a key factor in associating two species in general, 
there are many cases in which the closest ally is found only 
in a distant area, and subsequently forms a series of species. 
The H. mirabilis element, for example, begins from the 
Caledon - Bredasdorp area (H. mirabilis), extends through the 
Heidelberg - Riversdale area (H. heidelbergensis and H. 
serrata) to the Little Karoo (H. emelyae from Sand kraal) 
(Figure 1B, Table 3), and may reach the Great Karoo as 
'H. triebneriana' and 'H. willowmorensis', if Poellnitz's record 
is correct. 
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A typical case of local complex is found in the eastern Cape 
area, where H. cymbiformis, H. coo peri and H. translucens 
grow together. Many intermediate populations can be found 
here, which may be the result of introgressive hybridization. 
In tissue culture their calli resembled each other, and it was 
possible to arrange the three species into an independent 
species group. As Bayer (1982) indicates, however, the afflnity 
between H. coo peri and H. bolusii is also obvious, as it is 
between H . cymbiformis and H. habdomadis, and H. trans-
lucens and H. arachnoidea. It was thought therefore, that the 
three-element series has blended together in this area, with 
a local complex having been raised secondarily. It is preferable, 
therefore, to uphold the element series as the species group, 
since the local complex may consist of the secondary group. 
While Bayer (1975a) has indicated some element series in 
'retuse haworthias', his H. emelyae (1979) may be a local 
complex consisting of a three-element series. There are three 
distinct forms (elements) in H. emelyae (Figure 1B, C & D) 
and their calli were also clearly different from each other 
(Figure 3A, B & C). In this case, complexity is not sufficient 
to arrange these elements into a species or species group. These 
three plants may very well be a discrete species such as H. 
emelyae (Sandkraal), H. picta (Oudtshoorn) and H. correcta 
(Uniondale). This problem will be discussed in the next section. 
Callus characteristics of Haworthia species groups 
Callus characteristics of the species investigated are presented 
in Table 2 and Figure 3. Haworthia species are arranged in 
20 species groups on the basis of callus characteristics, 
vegetative properties (such as leaf pigmentation), and the 
distribution range in terms of the element series. For the sake 
of simplicity, species groups are referred to by the head species 
of each group listed in Table 2. 
All species in the H. arachnoidea group produced calli with 
no difficulty. The majority, however, required considerable 
time for such production, especially H. translucens and its 
subspecies tenera. These calli were soft and white, grew well, 
and many shoots differentiated at stage 3. A robust form of 
H. arachnoidea (generally called H. setata or H. setata v. 
gigas, see Table 3) and H. aranea proved difficult to culture 
at stage 1. Their calli were minutely ciliate, light brown in 
colour and grew slowly. These characteristics resembled those 
of the H. cymbiformis group, and especially the H. habdo-
madis subgroup. After stage 2, these calli grow similarly to 
other species in the group. Bayer (1976, 1982) mentions 
difficulties in drawing distinctions between H. arachnoidea 
and H. unicolor v. venteri (the H. habdomadis subgroup), 
and between H. arachnoidea and H. aranea. It must be noted, 
therefore, that 'H. setata' and H. aranea may very well be 
intermediate plants, situated between this species group and 
the H. habdomadis subgroup. 
Species of the H. bolusii group are characterized by their 
bluish or glaucous leaf pigmentation, in comparison with dark 
to fresh green color in the H. arachnoidea group. Calli of 
this group were also soft and white, but most of them were 
more vigorous than those of the former group. Calli of H. 
coo peri and its variants were rather difficult to culture, but 
the vigorousness of the 'H. vittata' callus may support the 
alliance between this species and H . bolusii v. blackbeardiana, 
as indicated by Bayer (1982). 
The H. cymbiformis group consists of plants with boat-
shaped leaves, and can be divided into two subgroups by 
callus character and distribution range. Calli of the H. cymbi-
jormis subgroup were also soft and white, and grew easily 
without any particular distinction, in comparison with the 
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former two groups. The H. habdomadis subgroup, however, 
differed remarkably from all the groups mentioned above. 
Most calli of this subgroup grew slowly, and were brownish 
or yellowish in colour. Some of them were ciliate, and turned 
soft during subculture. 
The H. marumiana group is found in the mountains of 
the center and southern perimeter of the Great Karoo. They 
are very soft, maculate and/or reticular plants with fine leaf 
hairs. In tissue culture, most produced colourful calli, yellow, 
brown and/or reddish in colour, which grew slowly. In shoot 
formation, this group was characterized by a small number 
of large shoots, which developed directly from the calli. The 
callus of H. batesiana was very distinct, and clearly differed 
from that of other species in the group. Callus character of 
this species resembled that of the H. habdomadis subgroup. 
While the distribution and vegetative form of H. pubescens 
are similar to those of H. herbacea, several callus charac-
teristics, such as reddish pigmentation, deep greening, and 
robust shoots regenerated from the callus, indicate that this 
species may be a southern-limited member of the group. 
The H. chloracantha group is found in the coastal region 
of the southern Cape. In tissue culture, the plants are charac-
terized by vigorous, whitish calli. H. floribunda and H. 
parksiana however, produced purplish-brown calli, which 
strongly suggests a close affinity between the two. Yellowish/ 
brownish callus of H. variegata may indicate an alliance with 
H. maculata and H. magnifica v. paradoxa, and it is also 
possible that they are arranged into a species group together 
with H. nortieri. 
The H. angustijolia group is found in the Little Karoo and 
eastern Cape, and thus separated from the previous group by 
the Langeberg-Outeniqua mountain range. In tissue culture, 
calli of this group showed light brownish colour, and grew 
with less vigor than that of the previous group. H. pulchella 
is one of the most difficult species to classify by group. Bayer 
(1982) indicated the affinity of this plant with H. wittebergensis, 
and Pilbeam (1983) also placed this species in the section 
Loratae. The callus colour of this species was quite distinct, 
suggesting the affinity with H. maculata or H. archeri v. di-
morpha. Further studies will be required to solve this problem. 
The H. blackburniae group was difficult to culture in vitro, 
especially during stage 1. Its calli resembled those of the H. 
angustijolia group, which may support Pilbeam (1983)'s 
arrangement of this group into the section Loratae. The 
difficulty in culturing H . wittebergensis during stage 1, as well 
as its very distinct white, minute teeth on the leaf margin which 
are quite similar to those of H. graminijolia (Figure 2A), 
suggests that the species may be a member of this particular 
group. 
In the H. truncata group, H . truncata was easy to culture 
in vitro, and was characterized by deep greening of the callus. 
With H. maughanii however, some difficulty was encountered 
in callus induction. Some callus clones of this group developed 
few shoots from their calli. 
Calli of the H. herbacea group were characterized by brown 
or black colour, especially in the area contacting the culture 
medium. This colour was also observed on the cut ends of 
the initial explants. Callus of H. maculata was distinguished 
by its deep yellow-brown colour, and some clones of this 
species were difficult to culture in vitro. 
The H. retusa group is characterized by yellowish leaf 
pigmentation, and was very difficult to culture in vitro, despite 
the ease of general cultivation. This phenomenon was parti-
cularly distinct in H. emelyae (picta) (Figure ID). This plant, 
generally called 'H. picta' , is said to be a member of the Little 
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Karoo complex of retuse haworthias - along with two other 
forms of H. emelyae (Figure IB & C) (Bayer 1979). While 
their distribution ranges partially overlap, they never grow 
together in the same population, and each population can be 
easily classified into one of three categories. Several callus 
characteristics furthermore, indicate strongly that these three 
forms may be discrete species of different species groups. H. 
emelyae (picta) may be a member of the H. retusa group, 
based on its yellowish colour and difficulty of callus culture 
(Figure 3C). Very distinct white flecks on the leaf ends, 
common in H. emelyae (picta), H. retusa v. dekenahii and 
H. turgida (especially 'pallidijolia') , tend to support this 
arrangement. H. comptoniana is the nearest ally of H. 
emelyae (picta), and callus characteristics also resemble those 
in this group. 
The H. magnifica group is characterized by dark green leaf 
colour, and can be divided into two subgroups by callus 
character and distribution. The H. magnifica subgroup 
produced bicoloured callus, usually white and dark brown, 
which grew easily. Bayer (1978) regarded 'H. asperula', a pale 
and scabrous plant in the Riversdale area (Figure lA), as an 
ecotype of H. magnifica, however, he has also labelled the 
same plant as a form of H. retusa (1976, 1982). In tissue 
culture, the callus character of this plant clearly indicates that 
it is not a form of H. retusa, but a member of this subgroup. 
H. magnifica v. atrofusca showed a dark reddish callus colour, 
with deep greening. 
The H. magnifica v. maraisii subgroup produced more 
vigorous calli than those of the previous subgroup. Most 
plants in this subgrou~ produced reddish calli without brown-
ish colouration - a direct contrast to the former subgroup. 
These results, together with the differences in the distribution 
range, indicate that it is preferable to uphold the name H. 
maraisii Poellnitz as Bayer (1976) did. 
The H. mirabilis group is characterized by brownish leaf 
pigmentation, and was also divided into two subgroups. The 
H. mirabilis subgroup produced deep reddish calli with dark 
brownish pigmentation. Callus subculture was rather difficult, 
especially H. mirabilis ssp. badia. 
The H. emelyae (Sandkraal) subgroup produced slightly 
ciliate, light brownish or light reddish calli. These calli grew 
more profusely than the previous subgroup. While Bayer 
(1976, 1982) regarded H. emelyae (Sandkraal) (Figure lB) as 
an intermediate between H. emelyae (picta) and H. magnifica 
v. major, callus character (Figure 3A) clearly indicates that 
H. emelyae (Sandkraal) differs from these plants, and is a 
member of this subgroup together with H. emelyae v. multi-
folia . 
The H. mutica group is characterized by blunt, bluish 
leaves. While H. mutica and H . pygmaea outwardly appear 
quite close to H. retusa, their calli differed remarkably from 
that of H. retusa, although they resembled those of each other 
and also those of H. emelyae (correcta) (Figure 3B). They 
are all whitish, grow well, and readily adapt to poor nutritional 
conditions. The callus of H. mutica was slightly reddish, and 
that of H. springbokvlakensis slightly yellowish, although they 
resembled the other members of the group in all other 
respects. 
The H. coarctata group is characterized by numerous 
subtriangular leaves with a hard texture. The H. attenuata 
group has fewer, more slender leaves, with a softer texture 
than the previous group. In tissue culture, most plants of both 
groups were found very difficult to culture. The initial calli 
produced were small, did not grow well, and were detri-
mentally affected when subcultured. The calli were hard or 
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ciliate, and brown or black in colour. They grew darker and 
stopped growing soon after callus formation. While a few 
callus clones were successfully established and maintained in 
culture, it was not possible to clarify the callus differences 
between these groups. 
The H. scabra group was easier to culture in vitro than 
S.-Afr. Tydskr. Plantk., 1987, 53(6) 
the above two groups. Most of them produced ciliate, light 
brownish calli (Figure 30), characterized by slow growth. In 
this group, H. starkiana and H. smitii were found difficult 
to culture, and failed to regenerate shoots from the callus. 
All the calli of the H. limifo/ia group were light brown in 
colour, slightly ciliate and soft, and regenerated thick shoots 
Figure 3 Callus characteristics (months after inoculation). A: H. emelyae (Sandkraal) (11); B: H. emelyae (correcta) (7); C: H. emelyae (picta) 
(12); D: H. scabra (48); E: H. venosa ssp. granulata (6); F: H. venosa ssp. tessellata (4); G: H. woolleyii (4); H: H. koelmaniorum (36); 1: H. 
bruynsii (18); J: Astroloba hallii (9); K: Poellnitzia rubrijlora (7); L: Aloe chortolirioides (3). Bar = 1 em. 
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directly from the callus (Figure 3H). It was quite difficult and 
extremely time-consuming to induce a callus from H. limifolia 
v. limifolia, H. limifolia v. gigantea and H. koelmaniorum, 
although glabrous variants of H. limifolia (v. ubomboensis 
and 'keithii') produced calli easily. 
Most plants in the H. venosa group initially produced very 
small, minute ciliate calli, which grew very slowly, and turned 
soft in texture and light brown in colour (Figure 2D, E, F 
& 3E). H. venosa ssp. tessel/ata however, readily produced 
callus, which grew fast despite being brown in colour (Figure 
3F). H. wool/eyii initially produced callus similar to those of 
H. venosa ssp. venosa and ssp. granulata, although the callus 
character of this species rapidly came to resemble that of H. 
venosa ssp. tessel/ata (Figure 30). Bayer (1982) maintains three 
subspecies in H. venosa, and H. wool/eyii as a distinct species. 
Callus characteristics of H. venosa ssp. tessel/ata, however, 
differed remarkably from all other plants in the group. This 
plant has a very wide distribution and several levels of ploidy, 
while other subspecies are limited to the Ceres, Karoo and 
the coastal region of the southern Cape and are all diploid 
(Motohashi et al. 1985). It would be advisable, therefore, to 
separate this subspecies from H. venosa as an independent 
species. With H. wool/eyii, on the other hand, ploidy and 
initial callus character are similar to H. venosa ssp. venosa 
and ssp. granulata. Recent unconfIrmed reports of H. venosa 
ssp. venosa from Oouritz and Prince Alfreds Pass support 
the possibility that H. wool/eyii is a subspecies of H. venosa. 
Affinity of H. nigra to H. venosa is also apparent in several 
callus characteristics, especially initial callus character. While 
'H. nigra v. diversifolia' may be a form of H. viscosa, the 
alliance between H. nigra and H. viscosa may be only 
superfIcial. 
H. bruynsii, the sole member of this group, was found easy 
to culture in vitro. This species generally produced soft, 
yellowish-white callus (Figure 31), which closely resembled 
callus characteristics of the subgenus Haworthia rather than 
the subgenus Hexangulares or Robustipedunculares. Some 
clones of this species, however, produced deep brownish calli 
- like those of H. venosa ssp. tessel/ata. Since this species 
is widely distributed in the Springbokvlakte area (in at least 
5 or 6 localities), it may not be a hybrid, but rather of hybrid 
origin between the subgenera Haworthia and Hexangulares, 
most probably between H. springbokvlakensis and H. wool-
leyii. 
The H. pumila group, the only species group in the sub-
genus Robustipedunculares, proved very difficult to culture 
in vitro. When culture did succeed, the callus was very ciliate 
during the early stages. This ciliate state was most distinct in 
H. pumila and H. marginata (Figure 20, H & I). Callus 
colour was white in the fresh section, and dark brown in the 
old section. H. kingiana proved nearly impossible to culture 
in vitro. 
Revision of the sections 
While Bayer (1976, 1982) avoided the section system in his 
classifIcation of the genus Haworthia, he also indicated at the 
same time that several 'small natural sections' can be recog-
nized in the subgenus Haworthia. His 'small natural sections' 
may possibly correspond with the species groups in this study, 
and may not indicate past sections, such as those in Scott 
(1985). Pilbeam (1983) revised sections of the genus Haworthia 
at the past section level under Bayer's three subgenera. This 
is a remarkable and useful attempt to classify the genus, since 
some large natural groups, such as 'retuse haworthias', can 
also be recognized at the past section level. Pilbeam's system 
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still remains superfIcial, however, and needs to be rearranged 
following the species group system. The concept of species 
groups should defInitely be the focus for classifIcation of 
higher taxons. 
Although callus characteristics are very distinct in each 
species group in the subgenus Haworthia, it was quite diffi-
cult to arrange some larger groups directly on the basis of 
callus characteristics. Five large groups, however, are easily 
recognized in this subgenus, based on their vegetative and 
floral characteristics. 
The Pilbeam (1983) section Arachnoideae may correspond 
to the H. arachnoidea, H. bolusii, H. cymbiformis and H. 
marumiana species groups in Table 2. While this group 
should be labelled section Haworthia since including type 
species of the genus, it is well arranged and constitutes a 
reasonable section. Pilbeam's subsections of this section are 
quite superfIcial however, and should be replaced with the 
species groups mentioned above. 
The H. truncata species group is quite distinctive, and 
Pilbeam's defInition of this group as an independent section 
(section Fenestratae) seems reasonable. 
While the H. blackburniae species group is also quite 
distinct, this group may possess some affinity with the H. 
angustifolia group. Pilbeam's inclusion of this group in the 
section Loratae (the H. chloracantha and H. angustifolia 
species groups) seems reasonable. 
The 'retuse haworthia' groups, such as the H. retusa, H. 
magnifica, H. mirabilis and H. mutica species groups, can 
be 'arranged into the large group of section Retusae Haw. 
Pilbeam (1983) placed some non-retuse haworthias in this 
section, as the subsection 'Turgidae', together with H. turgida. 
H. turgida is the closest ally to H. retusa, and they cannot 
be placed in different groups or subsections. 
While the H. herbacea group has close affinity with the 
section Retusae (Bayer 1975a), this group also resembles the 
H. marumiana and H. chloracantha species groups. Very 
distinct flower pigmentation and pattern indicate that it may 
be preferable to separate this group from section Retusae, e.g. 
section Herbaceae. 
Although 5 sections can be recognized in the subgenus 
Haworthia, these sections may also be classifIed into two larger 
groups. The first one, consisting of the sections Loratae and 
Fenestratae, is characterized by a thick, rough leaf epidermis, 
and a dull texture. Others, including the sections Haworthia, 
Herbaceae and Retusae, are characterized by a thin, smooth 
leaf epidermis with a glossy texture. To substantiate these 
differences, however, further studies will be required to derme 
the fIne structure of the leaf epidermis. 
Species groups in the subgenus Hexangulares can be 
arranged into 2 larger groups on the basis of callus charac-
teristics. One, including the H. coarctata and H. attenuata 
species groups, is very difficult to culture in vitro, while the 
other is less difficult and produces soft, light brown calli. This 
grouping also corresponds with many other vegetative dif-
ferences, and it would be advisable to classify this subgenus 
into 2 sections - e.g. section Coarctatae Berg. and Scabrae 
Berg. Pilbeam (1983) classifIed the H. venosa and H. limifolia 
species groups as section Venosae Berg. While this combina-
tion is possible, the difference between this group and the H . 
scabra group is not sufficient to separate them at the section 
level. Since some plants of H. bruynsii produced soft, brown 
calli (such as H. venosa ssp. tessel/ata), the affinity between 
this species and the section Scabrae seems obvious. 
The callus of the H. pumila group, the only species group 
in the subgenus Robustipedunculares, showed closer affinity 
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to the genus Astraloba than to the subgenus Hexangulares. 
This topic will be discussed in the next section. 
Callus characteristics and classification of allied genera 
Callus characteristics of allied genera are also shown in Table 2. 
The genus Astraloba was difficult to culture in vitro. Most 
calli were roughly ciliate and white at first, but soon turned 
brown. The calli failed to grow well, and most could not be 
successfully subcultured. Ast. bullulata and Ast. hallii pro-
duced heavily ciliate calli (Figure 31) resembling those of the 
H. pumila group. It was particularly difficult to culture calli 
in Ast. aspera and Ast. foliolosa. 
Poellnitzia rubriflora also produced a ciliate, light and dark 
brown callus in vitro (Figure 3K). This callus grew very slowly, 
proved difficult to subculture and was similar in character to 
that of the genus Astraloba. No shoot or root differentiation 
was observed in the genera Astraloba and Poellnitzia. 
Chortolirion angolense produced a slightly ciliate, soft, 
white callus, which grew well and regenerated many shoots 
with long leaves (Figure 21, K & L). The characters of this 
callus generally resembled those of the subgenus Haworthia, 
although some calli produced as many thick roots as Aloe 
calli. 
Overall, the Aloe calli were very distinctive, showing a deep 
yellow color and numerous root formations (Figure 3L). Most 
calli turned dark brown after subculture. Although there were 
considerable differences among callus characteristics of the, 
Aloe species, sample numbers in this study were not large 
enough to draw a firm conclusion on the grouping of Aloe 
species. It should be noted, however, that A. albida and A. 
kniphofioides developed soft, whitish calli like those of 
subgenus Haworthia during stage 2 and 3, while the A . 
richardsiae callus remained very dark brown in color. 
In the light of callus features, species of Haworthia and 
allied genera may be classified into 3 large groups. The first 
group consists of subgenus Haworthia and Chortolirion (soft, 
white callus), the second group of subgenera Hexangulares and 
Robustipedunculares, and genera Astroloba and Poellnitzia 
(ciliate and brownish callus), and the third group of the Aloe 
species (rooty and yellowish callus). This classification corres-
ponds closely to the division of the genus Haworthia into 2 
large groups by Uitewaal (1947) and Bayer (1971). 
The second group can be re-divided into 3 subgroups on 
the basis of callus characteristics. The first subgroup is the 
section Coarctatae (which is particularly difficult to culture 
in vitro), the second is the section Scabrae (of this paper) with 
a minutely ciliate brown callus, and the third group consists 
of subgenus Robustipedunculares, Astroloba and Poellnitzia 
(roughly ciliate callus, white and brown in colour). This may 
indicate that subgenus Robustipedunculares is closer to genus 
Astroloba than to subgenus Hexangulares. Robustipedun-
culares and Astraloba also shared robust floral axes and thick 
stems, and as Parr (1971) suggests, some species of the former 
subgenus have 'star-lobed' flowers resembling those of the 
latter. This indicates that the differences are not large enough 
to separate Astraloba from Haworthia at the generic level. 
It is advisable, therefore, to transfer the species of genus 
Astraloba to the genus Haworthia, placing them under the 
subgenus Robustipedunculares at the section level, or even 
more likely, at the species group level. 
While callus characteristics and vegetative form of Poell-
nitzia resembled those of Astroloba, its flower is similar to 
some Aloe flowers, and quite different from those of Astra-
loba or Haworthia. Although this contradiction resembles 
the case of H. bruynsii, it is a remote possibility that 
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Poellnitzia is of hybrid origin. This plant may be a relict of 
very early Aloineae, and it may be preferable to maintain this 
monotypic genus. 
Callus character of Chortolirion most closely resembled that 
of the subgenus Haworthia. Although its corolla is nearly 
hexangular at the base section, it is not slender nor obcapitate 
like the subgenus Hexangulares. Fresh, soft floral axes are 
also similar to those of the subgenus Haworthia. These all 
indicate close affinity with the subgenus Haworthia, sup-
porting Obermeyer (1973)'s replacement of this plant to the 
genus Haworthia. Some calli however, produced numerous 
thick roots (Figure 2L) like in Aloe callus, and distinctive 
flower pigmentation (pale copper-white) may also indicate 
some relationship with Aloe. Furthermore, some Aloe species, 
such as A. albida or A . kniphofioides, developed ready-
growing soft calli whitish and lighter in color during stage 
2 and 3 - reminiscent of Chortolirion or subgenus Ha-
worthia. Also as indicated by its wide distribution, this plant 
may be considered a 'pseudo-bulb' Aloe, such as A. knip-
hofioides or A. modesta. 
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